A control approach to reduce the total power propagating along fluid-filled elastic cylinders is analytically investigated. The motion of the cylinder is described by the Kennard shell equations fully coupled to the interior acoustic field. The vibration disturbance source is a pre-determined free propagating wave of either n=0 or n-1 circumferential order and the control forces considered are appropriate harmonic line forces radially applied to the structure. The radial displacement of the shell wall at discrete locations downstream of control forces is minimized using feedforward quadratic optimal theory. The difference of total power flow through the system before and after control is then used to evaluate the impact of the fluid on the performance of the control approach. For the breathing circumferential mode (n=0), owing to the coupling between the two media, the fluid decreases the control performance when the disturbance is a structural-type incident wave. When the disturbance is a fluid-type incident wave, with a pressure near field concentrated at the shell wall, significant reductions of the transmitted power flow can be achieved. For the beam mode (n = 1 ), even though the control is applied to the structure, the fluid increases the control performances below the first acoustic cut-off frequency and decreases it above this frequency.
where the nondimensional axial wave number (karl)in c is given by the dispersion curves of the system for this particular mode n. The disturbance has amplitude Winnf at x=--xi. Due to added damping (see later), the amplitude will slightly decay as the wave propagates through the control discontinuity. 
where coe is the free wave speed of the fluid. 
The solution of the integral in Eq. (12) has already been discussed by Fuller 3 and is performed by the method of residues, each of these residues being evaluated at the poles, i.e., at the eigenvalues kns of the infinite system. Note that, as the continuous integral of Eq. (12) is evaluated by a summation of residues over the branch number s, the subscript of the wave number kn has altered to ns.
• 
[wt]r=[wt(a) wt(B)],
and [ ]r denotes the matrix transpose operator.
In matrix form, the square of the displacement mod- Results are given for two cases of discontinuity, when one control line force is applied and the radial displacement of the Shell is minimized at one location, and when two control forces spaced a distance AXf=0. la are used to minimized the radial displacement at two different axial locations spaced a distance AXp=0.05a. In the second case the two forces have been spaced a distance about 10 times smaller than the minimum wavelength, at the highest frequency. In this situation, the forces introduce a line moment component in the pipe shell in addition to a radial force. To evaluate the radial displacement, using the residues theorem, eight roots had to be considered to reach convergence of the expression in Eq. (12). Material properties for the system are given in Table I . Note that an artificial damping ,/has been added to the shell material, making E, the Young modulus, complex and equal to E' =E( 1 --•/i). Fig. 4(a) ], can be considered: a structural and a fluid type wave. Figure 6 shows the power transmission loss when the incident wave is the branch denoted as s=2, which is a structural type wave at low frequencies. Even though the radial displacement is perfectly controlled at the error point (for example, see the cases II=0.5 and II= 3 in Fig. 7) , one control force proves to be a very inefficient discontinuity, as no significant reduction of the transmitted power flow is obtained at any Figure 8 displays the power transmission loss when the incident disturbance is a fluid-type wave, i.e., the branch denoted as s= 1 on the dispersion curves of Fig. 4(a) . As mentioned before, the most important characteristic of this wave is to be pressure near field at the shell wall at all frequencies. Performing the control with only one force, we can see the surprising result that the propagated power flow is reduced over almost the whole frequency range; good attenuations of 15 dB are obtained at low frequencies and an average 6 dB occurs above the frequency 1•=0. When the shell thickness is decreased to a ratio h/a =0.005, the fluid-type wave, i.e., the branch s= 1, becomes increasingly subsonic and almost all the incident energy is concentrated near the shell wall. Therefore, this wave is more strongly affected by structural forces. With one control force, attenuations of the total power flow varying from 10 to 38 dB are obtained (see Fig. 10 ). Using the two control forces/two error points configuration, these attenuations reach levels varying from 30 to 66 dB, which is approximately 20 dB more than with h/a=O.05.
B. Beam mode n_-1 Figure 11 shows the power transmission loss for the two control configurations described in Fig. 2 considering an in vacuo shell of thickness h/a=O.05 vibrating in the n = 1 circumferential mode with the s= 1 wave incident. At low frequencies, the nature of the incident wave 7 causes the pipe to vibrate as a long, slender beam. Therefore, performing the control with only one structural force provides good attenuations from 10 to 30 dB of the total power flow. At higher frequencies, the incident wave becomes almost purely flexural 7 and is thus also highly affected by a structural force; reductions varying from 4 to 28 dB (at 12 = 3) are obtained. Of course, a pair of control forces is even more effective as it also reduces part of the in-plane propagation. At low frequencies, virtually total control of the disturbance is achieved (up to 100 dB of attenuation). At higher frequencies, an average 20 dB of attenuation has added to the results of the previous one force/one error point configuration.
When the shell is filled with water (Fig. 12) , two important phenomena affect the control performance. At low frequencies, below the first acoustic cutoff frequency near 12=0.55, the control effectiveness is increased; up to 60 dB of attenuation is obtained with only one control force. In this frequency range, the fluid simply acts as an additional 
III. CONCLUSIONS
The active control of wave propagation in fluid-filled elastic cylindrical shells has been analytically investigated. Control was applied as radial line forces while radial shell vibration was minimized at up to two downstream points.
In the n =0 case, although the control was structural, it has been noticed that it is surprisingly easier to reduce the total power flow propagating along the coupled system when the disturbance is a fluid-type incident wave. This behavior is associated with the particular nature of the wave, i.e., pressure near field close to the shell wall. For structural-type wave propagation, because of the coupling between the two media, the fluid severely decreases the control performance. Nevertheless, with this kind of disturbance, relatively good attenuations of the total power flow can be obtained in the non-dimensional frequency range 12e[0.7;1.5] as the shell thickness is decreased.
In the n= 1 case, it has been noticed that the fluid increases the control performances below the first acoustic cutoff frequency. Above this frequency, good control of the propagating power flow using structural forces is difficult to achieve as more energy is carried by the fluid medium due to acoustic waves cutting on and propagating, leading to flanking around the discontinuity provided by the control system.
